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April 11, 1865. 
CHARLES HUTTON GREGORY, Vice-President, 

in the  Chair. 

No. 1,130.-“ On  the Festiniog  Railway for Passengers : as  a 
2-feet gauge, with sharp curves, and worked by  locomotive en- 
gines.”’ BY HENRY WHATELY TYLER, Capt. R.E., Assoc. 
Inst. C.E. 

THE Festiniog  R,ailway, or tram-road, was originally  constructed 
under  the  Act  2  Will. IV., cap. 48 (23 May,  1832),  and  shortly 
after  the passing of that Act. I t  commenced at  a  quay,  near Port- 
madoc, in the  parish of Ynys-cynhainain, in the  county of Car- 
narvon; and  after  running for thirteen miles through a wild, hilly 
and beautiful  country,  terminated at  the  slate  quarries of Rhiw- 
tryfdw and Duffws, in the parish of Festiniog, in the county of 
Merioneth. The objects of its construction were to open out “ a  
more  direct, easy, cheap,  and commodious communication between 
the  interior of the  principal  district of slate  and  other quarries of 
the county of Merioneth, and the various shipping places at  and 
within  the  said  several  counties of Carnarvon and Merioneth ;” 
and  to  greatly facilitate  the conveyance of coals, and  other 
heavy articles  to  the  several  slate,  andtother  quarries and mines in 
the  said diatrict, and  the conveyance of the  slates, copper, and 
other ores, and other  productions of the said  slate  and  other 
quarries  and mines, and of the  surrounding  country, to the  sea- 
side,” and  that  it should be otherwise “a work of great public 
utility.” 

The Festiniog  Railway  Company,  having  been  duly incorpo- 
rated, received power to  make  the railway, or tram-road, and  to 
construct the necessary works ; but upon the  conditions that  the 
railway was not  to pass within eighty  yards of Plas-tan-y-bwlch, 
that no stones or materials were to  be  raised within half a mile, 
or any  buildings  erected  within  one mile of Plas-tan-y-bwlch, and 
that  all  the steam  engines employed were  to consume their own 
smoke. 

The lands or grounds  to be taken, or used for the purposes 

au abstract of the wholc k givon co~~scutivcly. 
1 The discu~sion upon this P q c r  extmded over portions of two cveniugs, but 

Downloaded by [ Heriot-Watt University Library] on [25/09/16]. Copyright © ICE Publishing, all rights reserved.



360 THE FESTINIOG RAILWAY. 

specified in  the  Act, were  not to exceed  four yards in width, except 
where it was  necessary for carriages or wagons to “turn, remain, 
or pass each other,” or for buildings or appliances to be  erected, 
or for  embankments or cuttings  to  be  made, or for wharves, or 
goods stations;  and no  work, or  building was to  be above sixty 
yards  in  breadth at any place, except on  commons or waste lands, 
or by consent of owners. 

The  Company was -not  to occupy  more than was absolutely 
necessary of the  Traeth Mawr embankment  near Portmadoc ; the 
gauge between the  rails was  not to exceed three  feet upon that em- 
bankment ; the surface of the  embankment was not  to  be  disturbed 
more than one foot in depth, and  the  ordinary traffic upon it was 
not. to be  interrupted. 

The estimated  cost of the  line was S24,185 lOs., and the 
Company was authorised to raise S10,OOO by loan. Powers were 
afterwards  granted  to  raise  further sums of, &12,000 by shares, and 
$4,000 by loan, so that  the  total  Parliamentary  capital of the 
Company is ~C50,185 10s. 

The population of the  district, in 1832, was  very limited, and 
the  line was therefore  laid  out  in an economical manner, and on a 
gauge of only  two feet  between  the rails. But from  time to time, 
as the traffic increased,  many of the curves  have  been  eased,  diver- 
sions have been  made, at great expense, for the  sake of obtain- 
ing  better  gradients,  and avoiding  steep  inclines ; and improve- 
ments have  been effected in  the  permanent way, though  without 
any  alteration of the gauge. The difference in level between the 
terminus at Portmadoc, and  the mountain  terminus a t  Dinas is 
700 feet, and  the  average  gradient for 1 2 i  miles,  from that moun- 
tain  terminus, to  the  Traeth Rlawr embankment, near Portmadoc, 
is 1 in 92. The steepest gradient on the portion now used for 
passengers is l in 79.82, and  the steepest on which  locomotive 
engines  are employed is 1 in 60. Some of the curves are exceed- 
ingly  sharp,  having  radii  varying respectively  from 2 chains to 
4 chains. The maximum  super-elevation  allowed for the outer  rail, 
on a curve  of 2 chains,  is 24 inches, for a speed of 8 miles per hour. 

As the  slate  quarries  are a t  different altitudes in  the mountains, 
the slates are first brought down the  quarry inclines to  the railway, 
and  the  trucks  are  then collected and forwarded  in trains to Port- 
madoc. These  trains, sometimes  composed of fifty trucks or sixty 
trucks  each,  run down by the force  of gravity, and  are  in  charge of 
breaksmen. 

Until  1563,  the empty trucks, or trucks  loaded with coals, goods, 
furniture,  materials, machinery, and tools, for the  quarries  and  the 
neighbourhood, were drawn up  by horses, which  were brought 
down in  the trains, as on some of the colliery, or mineral lines in 
the North of England. 
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As the traffic increased, and  after  the railway had been  much 
improved, the  practicability of employing  locomotive engines  on so 
narrow a gauge was  frequently  discussed;  but  the  project was 
more than once abandoued, in consequence of the  apparent diffi- 
culties, and of the  adverse opinions  expressed by the  Engineers 
who  were  consulted. A t  length  the continued  increase of the 
slate traffic, and of the  trade of the neighbourhood,  caused it  to be 
revived ; and Mr. England was employed, under Mr. C. E. Spooner, 
the  Secretary  and  Engineer of the Company, to design an engine for 
the purpose. Two locomotive engines were  accordingly  placed 
upon the  line  in  June,  1563,  and were  found to work so successfully 
that others have since been supplied. The Company now  possesses 
four  engines, which have  run  (up  to  February, 1565) 57,000 miles 
without leaving the rails. 

During  the  past autumn, the Company carried passengers expe- 
rimentally,  without taking fares, and, at the commencement of the 
present year, the line was regularly opened for passenger traffic. 
I n  ascending from Portmadoc,  the  passenger-carriages are drawn 
by the  engines with other vehicles, the  passenger-carriages  being 
placed  between the  empty  slate-trucks, which are always last in 
the trains, and  the goods-wagons,  which are  next behind the 
tender. I n  descending, the  loaded  slate-trucks, with empty goods- 
trucks  attached behind them, run  first in a train by themselves; 
the  engine follows, tender  first;  and  the passenger-vehicles, de- 
tached from the  engine  and  tender, and  at some little distance  be- 
hind them, bring up the  rear, with a break  van in front, and a guard 
on a platform  outside it. The speed is limited to  about six miles 
per hour, in  passing  round the sharpest curves, and  ten miles per 
hour on other  parts of the line. The passenger-guard,  standing 
outside his van, is always ready  to  slacken speed, by the applica- 
tion of his  break,  in  approaching level crossings and  sharp curves, 
or in obedience to a signal, or in  the  event of an obstruction  on the 
line ; and the different trains, or portions of the trains, are able 
to follow each other, a t  the above moderate speeds,  more closely 
than could be done,  with safety, on ordinary  railroads. 

The engines, though on a much smaller scale, are of a somewhat 
similar  pattern to those  which have been found so useful by  con- 
tractors. The wheels are 4 in number, and  are coupled together, 
5 feet apart,  and  are 2 feet in  diameter. The cylinders, which are 
placed outside the  framing, are 8 inches in diameter, with a length 
of stroke of 12 inches, and  are only 6 inches above the rails. The 
maximum working  pressure of the  steam is 200 lbs. to the square 
inch. Water is carried in  tanks  surrounding the boilers, and coal 
in small  four-wheeled  tenders. The heaviest of t.hese engines 
weighs 7'4 tons in working  order, and  the cost was S900 each. 
The average  load  taken up, at a speed of about 10 miles per hour 
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on the ascending  journey, is 50 tons, including the weights of the 
carriages and trucks,  but exclusive of the weights of the engine  and 
tender. I n  fact, the  actual performance of the  engines, exclusive of 
considerable  shunting, is to convey daily, on the up journey to 
Portmadoc,  along  the  Traeth Mawr embankment,  average  loads of 
260 tons of slate, all  the  empty  slate  trucks from Portmadoc, 
50 tons of goods, and 100 passengers,  besides parcels, at an ex- 
penditure of 17 cwt.  of  coal and coke for two  engines, or  about 
0.75 lb. per  ton per mile, the  average  ascending  gradient for 121 
miles being 1 in  92, and there  being a level  portion for  about  three 
quarters of a mile near Portmadoc. 

The high pressure at which these  engines are worked,  combined 
with the small  driving wheels, gives  them a surprising  amount of 
power for their size, and  adapts thcrn  well for convenience  in 
starting  and for working at slow  speeds. The centre of gravity 
also has been kept as low as possible, with a view to steadiness  on 
so narrow a gauge. Rut  their  short wheel-base, and  the weight 
which overhangs the  trailing wheels, imparts  more  or less of a 
jumping motion  in running, which might  be avoided  by the  addi- 
tion of trailing wheels,  working, perhaps, in  radial axle-boxes, to 
steady them. Eficient safet.y-guards, similar in  form to snow- 
ploughs,  have been added  in front of the engines, behind  the 
tenders,  and  under  the  platforms of the  break vans. 

The passenger carriages  are necessarily of a different construc- 
tion from  those in  ordinary use  on railways, and  are also low. 
Their dimensions are ci feet 6 inches high  in the middle above the 
rails, 10 feet long, and 6 feet 3 inches-wide,  outside  measurement,. 
Each  carriage  has 4 wheels, 1 foot 6 inches in  diameter  and 4 feet 
apart, from centre to  centre of the axles. There is a longitudinal 
partition down the centre, and  the passengers  sit  back to back, so 
as to avoid causing an overhanging weight outside  the rails. 
The second and  third class carriages cost $100  each, and do  not 
differ from the first-class carriages, which cost S120 each, except 
in their fittings. The springs are volute, and  the axle-boxes, 
which are under the seats, are easily lubricated on the removal 
of a  small door  opposite to them. Each  carriage will convey 
10 passengers. No platforms are required, as the floors of the 
carriages  are only 9 inches  above the  rails;  and,  there being no 
break  in  the  longitudinal partitions, the passengers get in and  out 
through  the  doors on both sides. 

There  are also some  open cars for summer use, of similar con- 
struction, as regards  the  under-framing, and of similar  length,  to 
the above carriages ; but without sides and roof. The passengers 
are strapped  into t,llese carriages by means of longitudinal and 
cross-stwps. 

I t  is a question whether  longcr  carriages 011 8 wheels and 
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bogie frames  might  not be  used for sharp curves on other  lines of 
unusually narrow gauge with advantage. But  it  is considered, 
that  carriages of greater  length  than 13 feet would be inconvenient 
for moving about at the stations. If the curves on the  line  had 
not had any  radii of less  than 5 chains, the  length of 13 feet, with 
6 feet 6 iuches centres for the axles, would have been adopted. 
The couplings are central,  similar to  the screw-couplings in 
common  use, are 15 inches  above  the  rails, and work  upon volute 
springs. The buffers are also central, are 44 inches above  the 
couplings, and work against a curved spring, 2 feet long. The 
system, which the  Author  has observed to work successfully on the 
Continent, of a  single  link, with a double  spring connected with 
each  draw-bar, would probably be found well suited  to  act a t  the 
same  time as buffer and coupling, a t  slow speeds, on railways of 
this  description. 

The permanent way is now laid  with  rails  weighing 30 Ibs. to 
the  lineal  yard,  and in lengths of 18 feet  and 21 feet. The rails 
are supported  in  cast-iron  chairs, which  weigh 13 lbs. at the joints, 
and 10 lbs. each in the  intermediate spaces. The sleepers are of 
larch, 4 feet 6 inches long, and averaging 10 inches by 5 inches 
in  section  under  the  joints of the rails, and 9 inches by 44 inches 
elsewhere. They are placed 1 foot 6 inches apart, on  each side of 
the  joints of the  rails, and 2 feet 8 inches  apart in  the  intermediate 
spaces. The rails  are  secured in the  chairs by  wooden  keys, and 
the  chairs are fixed to the  sleepers by wrought-iron spikes, 4B inches 
long by 8 inch diameter. 

There  are 17 bridges  under, and 5 foot bridges over the  rail- 
way, as well as numerous stone viaducts across  the valleys. Most 
of the  smaller openings are covered by girders,  or rather slabs, of 
slate. There  are also two tunnels, one B0 yards  long, and  the 
other  730  yards  long ; the  former  through  hard shale, and  the 
latter through  syenite rock, which  is  sufficiently solid to  require no 
lining. 

The Company has, of course, had  many difficulties to  contend 
with in transforming a horse-tramway,  thirty-three  years old, into a 
passenger  line worked by steam locomotives ; and not  the  least of 
these difficulties has  arisen from the  narrowness of the works. The 
stone walls,  with  which the  greater  part of the line is fenced, as 
well as the  abutments of the  bridges and  the tunnels, leave less 
width than it would be  desirable  to provide, on any  lines of an 
extra-narrow gauge which  may be constructed in future. The 
carriages,  being G feet 3 inches wide, overhang  the  rails by about 
2 feet on each side;  and this  renders it desirable that  the works 
at,  the  sides of the  line should be at  least 4 feet 6 inches from the 
rails, and  that a  total nlinimurn space of 11 feet 6 inches, or 
12 feet., should be preserved in  the  clear between the  abutments 
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of bridges and  other works, for a sinele  line of rails. These  dimen- 
sions would,  of  course, vary with differences in  the width of the 
gauge  and  the width of the carriages, it  being desirable, on all 
new lines, that a minimum distance of 2 feet 6 inches  should be 
preserved between the sides of the  carriages  and  the works ; and 
the width of the works  would therefore depend, not so much  upon 
the  gauge of the rails, as upon the dimensions of the  carriages 
employed  upon  them. 

I n  like  manner,  where the  line is doubled, or where sidings 
occur, it is necessary that  an  intermediate space of 7 feet should 
be allowed, to  admit of the doors of the  carriages in  one train 
swinging  clear of the vehicles  of another train, and for other  rea- 
sons ; their dimensions also  varying  according  to different widths 
of gauge  and carriages. 

The Author conceives that  the employment of locomotive engines 
on this  little railway, and the  opening of it for passenger traffic, are 
not only highly  interesting experiments, but are likely also to  be 
followed by  important results. There can be  no  doubt, that  this 
country owes  her abounding prosperity of recent  years mainly to 
the rapid  development of railway communication, and  that  the in- 
crease of that prosperity  in  future  years will depend much  upon the 
facilities for, or, in  other words,  upon the cheapness and rapidity of 
transport which may  be  provided for passengers and produce, 
between all parts of the kingdom. These  further facilities must 
be derived, partly from  improved carrying powers on some of the 
existing railways, and partly from the construction of  new railways. 
Every new line in an  agricultural, a manufacturing, or a mineral 
district,  tends to stimulate production, to provide  means of 
employment for an increasing population, to  add to the supply of 
food, and to bring  into use  sources of wealth which  would  otherwise 
lie dormant. There  are still, doubtless, numerous  districts whcre 
railways  on a gauge of 4 feet S& inches  may be profitably made ; 
and,  indeed, the number of miles of such  railways annually projected 
and carried  out has, of late, been  increasing rather  than diminishing. 
Although only 477 miles  were  opened for traffic during  the past 
year as against 771 miles for 1863, yet 4,270 miles  were  projected 
for the  present session, against 3,099 miles for the session  of 1S64. 
But  there  are also  many  other  districts in which lines of cheaper 
construction are required. Railways  on  the gauge of 4 feet 8& inches 
can  hardly  be  made more  economically than at present, as far as 
regards  the  permanent way, or the works. Cheap lines necessitate 
steep  gradients, which require heavy engines, and heavy engines 
require  substantial  bridges and a strong  permanent way. On 
the  other  hand, with a narrower  gauge,  lighter  rails and sleepers, 
less ballast, and cheaper works generally may be employed; 
sharper curves  may be  laid down ; very  heavy gradients may, 
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particularly in mountainous  districts,  be more cheaply avoided ; and 
lighter engines,  with lighter vehicles, may  be made to do  all  the 
work required, where high  speed is not  demanded, and where the 
traffic is not heavy. 

The Norwegian government, as appears from an interesting  re- 
port by Mr. C. D. Fox, has  constructed, and has  in  full  operation, 
two lines, the  one from Grundsett  to  Hamar, 24 miles long, and 
the  other from Throndhjein  to  Storen, 30 miles long,  both on a 
gauge of 3 feet 6 inches. The former,  with gradients of 1 in 70, 
and curves of 1,000 feet  radius,  through a moderately easy  country, 
has cost, including  rolling stock and stations, &3,000 per mile. 
The latter,  through a more difficult country,  with gradients of 
1 in 42,  and curves of 700 feet to 1,000 feet  radius,  has cost $6,000 
per mile. The rails weigh 37 lbs. to  the  lineal  yard,  and  are fished 
a t  the joints. The sleepers are of native  pine timber, 2 feet 6 inches 
apart, 6 feet 6 inches long, and 9 inches  by 44 inches in section, 
and the  rails are secured to them  by dog spikes  only. The engines 
weigh 14 tons, in steam, and  the  carriages  are 9 feet 3 inches 
high, and 6 feet 6 inches  wide. The speed is about 15 miles per 
hour,  including stoppages. The Norwegian  government is so 
pleased  with the result, that  an additional  length of 56 miles of 
this gauge is now in course of construction, and  no ot,her gauge 
is contemplated for the traffic of that country. 

It is, however, illegal at present to construct any passenger lines 
in  Great  Britain on a narrower gauge  than 4 feet 84 inches, OT 
in  Ireland  than 5 feet 3 inches. The  Act 9 and 10 Vict. cap. 87, 
provides (sect. l), “that  after  the passing of this  Act  it shall not 
be  lawful  (exce t as hereinafter  excepted [with reference  to  broad 
gauge railways!) to construct  any  railway  for the conveyance of 
passengers  on any  gauge  other than 4 feet 84 inches in  Great 
Britain and 5 feet 3 inches in Ireland ;” and (sect. S), “ that if 
any  railways used for the conveyance of passengers shall  be con- 
structed or altered contrary  to the provisions of this  Act,  the 
Company authorized to construct the railway, or in  the case of any 
demise or lease of such railwa.y, the Company for the time  being 
having  the  control of the works of such railway,  shall forfeit ten 
pounds for every  mile of such  railway  which shall be so unlawfully 
constructed, or altered,  during every day  that  the same  shall con- 
tinue so unlawfully constructed or altered ;a and sect. 7 gives power 
to  the Commissioners of Woods, &C., or to  the  Board of Trade,  to 
abate, or remove  such railways, so constructed, or altered,  contrary 
to the provisions of the Act. 

It would  therefore appear to be  necessary,  before constructi~lg 
any railways for passengers on a less gauge  than 4 feet S& inches, 
or before attempting to open for passenger traffic any railways SO 
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constructed  subsequently  to the year 1846 (in which the  above 
Act was passed), to  endeavour t.0 obtain, if not  its  repeal, a t  least 
a modification of its provisions. That  Act was passed after  the 
Report of the  Gauge Commissioners, when there was a strong 
feeling  against  break of gauge, and when there was no immediate 

rospect of a  third  and narrower gauge being extensively required. 
g u t  there is now an increasing  demand for branch railways of a 
minor class. Many coal and mineral  lines are in use on a 
narrower gauge  than 4 feet 8& inches, and others are about 
to be constructed  with  ultimate views of passenger traffic. It 
would therefore  be an  advantage if some smaller gauge were re- 
cognized ; for however objectionable  the  existence of different 
gauges on important  through  lines of communication may be, it  is 
quite  otherwise with respect  to  the use of a  narrower gauge for 
feeding  branches, in districts where a  similar  gauge  to those main 
lines would not be commercially practicable.  Passengers  change 
carriages,  under  any system, a t  the  junctions of less  important 
branches;  and it is  considerably  cheaper  to  transfer heavy goods 
from one railway truck  to  another,  than  to  cart  them for several 
miles, perhaps over indifferent roads. The Festiniog  Railway, on 
which the  original  gauge  has necessarily been maintained,  in con- 
sequence not only of its own works, but also of those of the  tram- 
ways and quarry  inclines  running  into  it, is an extreme  example, 
outdone only by the little engine which does the work of the shops 
at Crewe on a  gauge of 18 inches ; and  the cost of that railway, 
under the peculiar circumstances of its  original  construction  and 
subsequent  alterations,  cannot be taken  as a guide for the  future. 
A gauge somewhat wider  than 2 feet would probably be desirable 
on any  line  to be  now constructed,  and it would hardly be worth 
while to  desert  the  gauge of 4 feet S& inches  in Great Britain for 
any gauge wider than 2 feet 6 inches. But whatever the  exact 
gauge, whether 2 feet 6 inches, or 3 feet,  or  any  other dimension 
that  might be considered most suitable  for  lines of minimum 
traffic,  t.here  can  be no question, that  a system of branch lines, 
costing  two-thirds of the branches now ordinarily  constructed, and 
worked and maintained at  three-fourths of the expense of those 
branches, would be of decided benefit to  Great  Britain  and  Ire- 
land,  and would be most valuable  in India  and in the  colonies; 
in fact wherever there are people to  travel, produce to be trans- 
ported, or resources  to  be  developed, where it would not be com- 
nlercially  profitable  to  incur the expense, in  the first instance, of a 
first-class railway. 
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